Abstract. In this study, five DNA sequences from ITS, trnH-psbA, matK, trnL and rpoC1 gene regions were used to explore relationships of 15 conifer species in Highland of Vietnam. All target gene segments have been cloned at size as predicted by the theory for all 15 species of conifers. Nucleotide-level change of 15 coniferous species in five gene regions showed from the highest to the lowest as follows: the ITS gene region (0.428), the trnH-psbA region (0.378), the trnL (0.354), the matK gene (0.192) and the rpoC1 gene (0.105). The matK gene region showed the highest level of conservation (671 nucleotides) and the trnH-psbA gene region showed the lowest (78 nucleotides). Phylogenetic tree showed that the species in the same family are formatted in a separate evolutionary branch with bootstrap values obtained from the branching nodes of each species ranging from 52 to 97 % for the ITS gene, from 50 to 100 % for trnHpsbA gene region, from 66 to 100 % for matK gene region, from 50 to 100 % for trnL gene region and from 57 to 100 % for rpoC1 gene region. Of the three gene regions of matK, trnL and rpoC1, the grouping of species in the same family showed the most obvious. This result suggests the three gene regions of matK, trnL and rpoC1 could be used as barcode for the 15 conifer species in Central Highland of Vietnam.
INTRODUCTION
Viet Nam is considered one of ten 'hot spot' for pine conservation in the world, with more than half of its 34 species includes in the Red Book of Global endangered species. Central Highland is regarded as the cradle of coniferous species of Viet Nam. There are 15 species of conifers found in this area [1] , of which six conifer species have been recently evaluated as globally threatened. They are: Pinus krempfii (VU B1+2c), Pinus dalatensis (VU B1+2c), Pinus latteri (NT), Fokienia hodginsii (NT), Calocedrus macrolepis (VU B1 + 2b), and Cephalotaxus mannii (VU A1d) [2] .
DNA sequences are considered suitable for taxonomic classification by different levels of nucleotide to maintain the conservation in taxa. Today, DNA barcoding is considered an effective technique for distinguishing species. Herbert et al. [3] developed this technique into a tool of classification using short DNA sequence fragments, the nucleotide sequences of the mitochondrial genome in animals and sequences of the chloroplast genome in plants. DNA barcoding has been applied very successfully in the animal taxa. However, despite the fact that it has become an effective tool for plant classification in many studies [4, 5] , DNA barcoding application in plants is still controversial [6, 7] . One of the biggest challenges for plant barcoding is distinguishing the sister species in the same geography. The main concern is that genetic barcoding-based system may not be able to distinguish them if the nucleotide variety is too small. Therefore, researchers have focused on specific DNA regions to classify plant species. Of the gene regions, rbcL and matK are being widely used as the "DNA barcode" for plants [8, 9] . In this study, we present results on nucleotide diversity of 15 conifer species in Vietnam's Central Highland based on the analysis of ITS, trnH-psbA, matK, trnL and rpoC1 gene regions, aiming to further extend the scientific basis for molecular analysis-based research. The results of this study provide data of the gene regions which can be used to identify not only some conifer species of high values in the Central Highland of Vietnam, but also some species that have been challenging for field botanists to morphologically classify.
MATERIALS AND METHODS

Materials
In this study, the inner barks from 29 to 38 mature trees (> 20 cm dbh) were randomly sampled from 45 sites, representing the natural range of 15 species (three sites for each species, depending on their distribution in Kon Tum, Lam Dong, Dak Lak and Gia Lai provinces, Figure  1 and Table 1 ). The nucleotide sequences and the theoretical size of the five primer pairs used in the study is shown in Table 2 . Total genomic DNA was isolated from leaves using the method described by Doyle and Doyle [10] .
Methods
MEGA v. 4.0.2 [11] was also used to calculate the proportion of sites differing between pairs of sequences. These are quoted in the text as percentage differences. In the phylogenetic inference method, gaps were not considered as character states. The phylogenetic trees were reconstructed using Neighbor joining method and bootstrap test of phylogeny with 1000 replications [12] . The sequence distances were calculated using nucleotide substitution model: Maximum Composite Likelihood [11] . The gaps and missing data were deleted. Substitutions include the transition and transversions. Pattern among lineages was homogeneous and rates among sites were uniform. 
RESULTS AND DISCUSSIONS
Character analysis of gene regions
We successfully cloned target gene fragments at sizes as theoretically predicted for all 45 samples of the 15 coniferous species. Gene fragments of three samples of the same species were amplified with the same size. Different sizes of gene segments were amplified for each species, ranging from 975 to 1200 bp for the nuclear ITS region; from 400 to 780 bp for the trnH-psbA region; from 650 to 1000 bp for matK region; from 400 to 970 bp for the trnL region and 600 bp for rpoC1 region (Figure 2 ). In this study, a total of 165 nucleotide sequences of the five gene regions have been obtained for fifteen species, which have been deposited in Genbank/EMBL databases, including 165 accession numbers KR780651-KR780665; KR907882-KR907890; KR920092-KR920100; KT001114-KT001125; KT150253-KT150258; KT222871-KT222882; KT236090-KT236092; KT247644-KT247646; KT265683-KT265685; KT272170-KT272172; KT008100-KT008105; KT037124-KT037129; KR855700-KR855711; KR674115-KR674126; KT072777-KT072785; KR605490-KR605498 and KU940072-KU940107) available online. 
Nucleotide diversity
Results from compared nucleotide sequences using MEGA v.4.0.2 software between samples of the same species at the ITS, trnH-psbA, matK, trnL and rpoC1 gene regions showed that their length and nucleotide sequence similarity were 100 %. Therefore, the following study took only one representative sample of each species. The degree of nucleotide diversity among 15 species ranged from 0.000 (such as P. latteri with P. dalatensis, P. krempfii with P. dalatensis, P. kesiya with P. krempfii, etc...) to 2.642 % (P. neriifolius with C. macrolepis) for the ITS gene (Table 3) ; From 0.000 (P. latteri with P. kesiya) to 3.552 % (P. wallichiana with P. kesiya and P. latteri) for trnH-psbA region (Table 4) ; from 0.009 (P. latteri with P. kesiya) to 0.367 % (between P. neriifolius with P. kesiya and P. latteri) for the matK region (Table 5) ; From 0.000 (between F. hodginsii and C. macrolepis) to 1.237 % (between K. evelyniana and P. dalatensis) for trnL gene region (Table 6) ; from 0.000 (between P. dalatensis and P. krempfii) to 0.177 % (between C. macrolepis with K. evelyniana, P. dalatensis, P.latteri and P. krempfii) for the rpoC1 region (Table 7) . Among the five regions, the trnH-psbA region showed the highest level of nucleotide diversity (from 0.000 to 3.552 %) and the rpoC1 region showed the lowest (from 0.000 to 0.177 %).
In Table 8) . Analysis results of the five gene regions showed that among 15 species, the nuclear ITS gene had the highest level of nucleotide diversity (0.428), followed by the trnH-psbA region (0.378), the trnL gene (0.354), is the matK gene (0.192). The rpoC1 gene had the lowest level (0.105) ( Table 8 ). They also showed that, the chloroplast gene regions had the more conservative characters than the nuclear ITS gene region.
We also checked the divergence to distinguish species among the 15 ones, the matK is the most powerful, with 100 % discriminated species pairs. Another species pairs similarity was founded in each of three gene regions: trnH-psbA (VNMN000586_ P. latteri and VNMN000579_ P. kesiya), trnL (VNMN000359_F. hodginsii and VNMN000364_C. macrolepis) and rpoC1 (VNMN000509_ P. dalatensis and VNMN000592_ P. krempfii) ( Table  4 , 6 and 7).
Phylogeny based on gene regions
Because samples (individuals) of the same species have the identical sequence, only one individual of each species was selected to reconstruct the phylogenetic tree from five DNA regions of 15 coniferous species. The species were separated supported by bootstrap values > 50 %. The phylogenetic tree of 15 coniferous species based on the analysis of method NJ (Neighbor -Joining) in Figure 3 showed that all 15 species of conifers formed a separate subsidiary and joint evolution closely together with bootstrap values obtained at the branching nodes of each species ranged from 52 to 97 % for the ITS gene ( Figure 3A) ; from 50 to 100 % for the trnH-psbA region ( Figure 3B) ; from 66 to 100 % for the matK gene region ( Figure 3C) ; from 50 to 100 % for the trnL gene region ( Figure 3D) and from 57 to 100 % for the rpoC1 gene region ( Figure 3E ). The data also indicated that species in the same genus of the family clustered in the same branch of evolution. For example, five species in Pinaceae family, including Keteleeria evelyniana (VNMN000439_K. evelyniana), Pinus dalatensis (VNMN000500_P. dalatensis), Pinus kesiya (VNMN000579_P. kesiya), Pinus latteri (VNMN000586_P. latteri) and Pinus krempfii (VNMN000592_P. krempfii) formed a branch of evolution with bootstrap valuesranging from 70 to 100 % for the trnH-psbA region; from 93 to 100 % for the matK region, from 84 to 100 % for the trnL region and from 68 to 100 % for the rpoC1 gene region. Branching level of nuclear ITS region ( Figure 3A) is the weakest in the five gene regions. The branching level was weak even between species in the same family. For example, some species in the family Pinaceae (such as VNMN000592_P. krempfii, VNMN000589_P. latteri, VNMN000500_P. dalatensis and VNMN000579_P. kesiya) formatted with the species of family Podocarpaceae (such as VNMN000662_D. imbricatus, VNMN000670_D. elatum, VNMN000740_N. wallichiana). Position classification between families on the phylogenetic tree were the most obvious in three regions of matK, trnL and rpoC1. Principally, in the same species, they made up a branch with bootstrap values ranging from 50 % (Taxaceae) for the gene region trnL ( Figure 3D ) to 100 % (Pinaceae) with the three gene regions of matK ( Figure 3C ), trnL ( Figure 3D ) and rpoC1 ( Figure 3E) . Therefore, the three gene regions of matK, trnL and rpoC1 can be used to identify 15 coniferous species in Central Highland of Viet Nam.
The five gene regions of ITS, trnL, matK, rpoC1 and trnH-psbA were used as barcode objects in many cultivars, but they have still limitations. For example, the nuclear ITS region has not been successfully cloned for some species groups, or in the trnH-psbA gene region there are still more "indels" leading to difficulties in comparing the nucleotide sequences, or the two regions of trnL and matK have very low nucleotide variations [13, 14] . However, in this study, we successfully cloned the gene fragments for all of five gene regions of all 15 species. Among them, the three gene regions of matK, trnL and rpoC1 were capable of grouping most of species in the same family together ( Figure 3C, 3D and 3E ). Among them, the bootstrap value of the matK region was the highest at the nodes among species of the same family (from 66 to 100 %) and among families (from 67 to 100 %), followed by the rpoC1 region (from 57 to 100 % between species in the same family and from 63 to 100 % between different families), and lastly is the region trnL (from 50 to 100 % between species in the same family and from 51 to 79 % between family together). The two nuclear gene regions of ITS and trnH-psbA did not group the species in the same family ( Figure 3A and 3B ). Contrast to this result, the nuclear ITS region to be very effective to identify the 8 Dalbergia species in the genus Dalbergia of Viet Nam [15] . However, the region trnH-psbA were proposed as DNA barcoding for species of Taxaceae [16, 17] , but previous research revealed that they were not suitable for a number of Dalbergia species in the family Fabaceae in Viet Nam [13] . The matK gene region is suggested as DNA barcoding in plants [18] . In this study, this region also demonstrated its capability, which can be seen on Figure 3D . However, this gene region was not able to perform as barcode for some wood species of the genus Dalbergia of Viet Nam in the study of Phong et al. [15] , while the matK gene has been unable to separate the two species D. entadoides and D. dialoides or D. hencei and D. oliveri with bootstrap value of 90% and 96%, respectively. As announced by the group CBOL [19] , the three gene regions of trnH-psbA, matK and trnL may be appropriate for the study of DNA barcoding in plants because they are exact clones of the target gene fragments by specific primers, and decoding their sequences may make it possible to distinguish plant taxa. Meanwhile, the trnH-psbA region [17, 20] and the matK-barcode [21] have been proposed as DNA barcoding in plants. Our study reconfirmed the appropriate use of the three gene regions of matK, trnL and rpoC1 to discriminate the 15 coniferous species in Central Highland of Viet Nam ( Figure 3C, 3D and 3E ). Although the efficiency of each of the gene region for these species were not similar, our results suggested that the technique of decoding and comparing different nucleotide sequences could effectively support traditional identification by morphology. Our study also proposed that the three gene regions of matK, trnL and rpoC1 are the best option for DNA barcoding for interspecific variation of 15 coniferous species in the Central Highland of Vietnam. 
CONCLUSIONS
Of the five gene regions, the highest level of nucleotide diversity was shown in the trnHpsbA region (from 0.000 to 3.552 %), while the lowest was in the rpoC1 region (from 0.000 to 0.177 %). The matK gene is the most conservative (671 nucleotides) and the trnH-psbA gene region is the least (78 nucleotides). The capability to distinguish species among15 species of the matK region was the highest, with 100 % discriminated species pairs. The ITS region did not have sufficient capability to distinguish 6 species pairs (58.3 %). Those results suggested that the three gene regions of matK, trnL and rpoC1 could be used as barcode for 15 conifer species in Central Highland of Vietnam.
